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(57) ABSTRACT

A load applied to a slider by a suspension 1s adjusted as
follows. First, the suspension 1s held while no external force
to bend the suspension 1s applied to the suspension. Then, in
this state, a position of a load beam 1s measured with a
position measuring instrument. From the information on the
position, a pitch angle of the load beam 1s determined, and
conditions for laser light irradiation are determined from the
pitch angle. Under the conditions thus determined, laser
light 1s projected onto the front face or the rear face of a bent
section of the load beam of the suspension.

21 Claims, 11 Drawing Sheets
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METHOD AND APPARATUS FOR
ADJUSTING LOAD APPLIED BY
SUSPENSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a method and an appa-
ratus for adjusting load applied by a suspension to a flying-
type head slider.

2. Description of the Related Art

A flying-type thin-film magnetic head used for a magnetic
disk drive and so on 1s generally made up of a slider and a
magnetic head element provided at the trailing edge of the
slider. The slider generally comprises a rail whose surface
functions as a medium facing surface (an air bearing
surface) and a tapered section or a step near the end on the
air Inflow side. When a recording medium 1s rotating, an
airflow comes 1n from the tapered section or the step and
passes between the recording medium and the shider. A Iift
1s thus created and exerted on the slider. The slider flies
above the surface of the recording medium by means of the

laft.

The shider 1s tlexibly supported by a suspension as a
supporting device. The suspension generally mncorporates: a
plate-spring-shaped load beam made of stainless steel, for
example; a flexure to which the slider 1s joined, the flexure
being provided at an end of the load beam and giving an
appropriate degree of freedom to the slider; and an attach-
ment provided on the other end of the load beam and
attached to an actuator that moves the slider across the track
of the recording medium.

The suspension applies a load to the slider 1n the direction
toward the surface of a recording medium while the slider 1s
flying. Where a balance 1s maintained between the load
applied by the suspension and the lift generated by the
airflow passing between the recording medium and the rail
of the slider, a narrow 1nterval 1s kept between the medium
facing surface of the slider and the recording medium while
the shider 1s flying above the surface of the recording
medium. The interval between the medium facing surface of
the slider and the surface of the recording medium provided
while the slider 1s flying 1s hereinafter called a flying height
of a slider. The flying height of a slider has a great influence
on performance of a magnetic head.

With a recent trend of magnetic heads toward smaller size
and higher density, there have been intensifying demands for
reduction and stability 1n the flying height of a slider. It 1s
now difficult, however, to meet such demands merely by
improving the shapes of the suspension and the medium
facing surface of a slider, or merely by forming them with
precision.

The flying height of a slider varies depending on the load
applied to the slider by the suspension while the slider 1s
flying. Therefore, to ensure stability and accuracy of the
flying height of a slider as designed, it 1s significant that the
load applied to the slider by the suspension while the slider
1s flying falls within a specified range. The load applied to
the slider by the suspension while the shider 1s flying, which
1s sometimes called a gram load, 1s hereinafter referred to as
a load under flying. It 1s difficult to make a direct measure-
ment of a load under flying. Therefore, in practice, a
suspension 1s deformed to attain the same state as that where
the slider 1s flying at a specific flying height. Then, 1n this
state, the load applied by the suspension to the slider is
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measured and the load thus measured 1s regarded as the load
under flying. Such a load applied 1n this way to the shider
under conditions equivalent to those where the slider 1s
flying 1s hereimnafter also referred to as a load under flying.

Where a suspension has just been manufactured, a load
under flying supplied by the suspension may not always fall
within a specified range. In response to this, several methods
have been proposed for adjusting a load under flying sup-
plied by a suspension. Three typical methods are described
below.

A first method 1s to mechanically apply a force to the
suspension to bend 1t, thereby adjusting the load.

A second method 1s to apply heat to the load beam of the
suspension while applying an external force to the
suspension, as disclosed 1n, for example, Published Unex-
amined Japanese Patent Applications (KOKAI) Heisei

5-159501 (1993), Heisei 5-189906 (1993) and Heisel
10-269538 (1998). In the method, heat is applied to the load
beam while generating a stress in the load beam, thereby
relieving the stress and thus reducing the load under flying
supplied by the suspension. In this method, irradiation with

laser light 1s generally employed as a method for applying
heat to the load beam.

A third method, as disclosed 1n Published Unexamined
Japanese Patent Application (KOKAI) Heisei 9-288874
(1997), for example, uses load adjusting fillets (strip-shaped
portions) provided in a spring region of the load beam of the
suspension. In this method, the load under flying 1s reduced
by relieving stress 1n the spring region by irradiating the
region with laser light, or by cutting one or a plurality of the
fillets by irradiating the fillet(s) with laser light. On the other

hand, the load 1s 1increased by contracting one or a plurality
of the fillets by irradiating the fillet(s) with laser light.

However, 1t 1s difficult to achieve precise load adjustment
with the first method. Furthermore, the first method may
cause a curvature of the suspension that 1s different from
what has been designed, which may adversely affect the
properties of the suspension.

The second method has a problem 1n that the load cannot
be increased for adjustment. Furthermore, since the second
method applies heat to the load beam while applying an
external force to the suspension, it mvolves complicated
devices and steps for adjusting the load.

The third method also has a problem in that it makes a
structure of the suspension complicated because of the fillets
to be provided therein.

OBJECT AND SUMMARY OF THE INVENTION

It 1s an object of the invention to provide a method and
apparatus for adjusting a load applied to a flying-type head
slider by a suspension, capable of both increasing and
decreasing the load easily.

A method of the invention 1s provided for adjusting a load
applied to a flying-type head shider by a suspension that
supports the slider, the load being applied under conditions
cquivalent to those where the slider 1s flying. The method
includes the steps of: holding the suspension while no
external force to bend the suspension 1s applied to the

suspension; and applying heat energy to the suspension to
increase or decrease the load.

In the method of the mvention, the load is adjusted by
applying heat energy to the suspension while no external
force to bend the suspension 1s applied to the suspension.

In the method of the invention, the suspension may be
irradiated with laser light 1n the step of applying heat energy.
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In this case, gas for preventing oxidization of the suspension
resulting from the irradiation with laser light may be sprayed
on a spot on the suspension to be irradiated with the laser
light.

In the method of the invention, the suspension may
include a load beam for generating the load, the load beam
being shaped like a plate spring and having two surfaces that
face toward opposite directions, and, one of the two surfaces
of the load beam may be selectively irradiated with the laser
light 1n the step of applying heat energy.

The method may further include, before the step of
applying heat energy, a step of measuring a parameter
indicating an attitude of the suspension which 1s correlated
with the load. Further, in the step of applying heat energy,
conditions under which heat energy 1s applied to the sus-
pension may be controlled based on the measured parameter.

The method of the invention may further include a step of
measuring the load and determining whether the load 1is
within a specified range, before and after the step of apply-
ing heat energy.

An apparatus of the mvention 1s provided for adjusting a
load applied to a flying-type head slider by a suspension that
supports the shider, the load being applied under conditions
cequivalent to those where the slider is flying. The apparatus
comprises: a holder (holding means) for holding the sus-
pension while no external force to bend the suspension 1s
applied to the suspension; and a heat energy applying device
(means) for applying heat energy to the suspension to
increase or decrease the load.

According to the apparatus of the mnvention, the load 1s
adjusted by applying heat energy to the suspension while no
external force to bend the suspension 1s applied to the
suspension.

In the apparatus of the invention, the heat energy applying
device (means) may have a laser light irradiating device for
irradiating the suspension with laser light. In this case, the
apparatus may further comprise a gas injecting device
(means) for spraying gas for preventing oxidization of the
suspension resulting from the irradiation with laser light on
a spot on the suspension to be irradiated with the laser light.

In the apparatus of the invention, the suspension may
include a load beam for generating the load, the load beam
being shaped like a plate spring and having two surfaces that
face toward opposite directions, and the laser light 1rradiat-
ing device may 1rradiate one of the two surfaces of the load
beam selectively with the laser light.

The apparatus of the invention may further comprise: a
position measuring instrument (attitude measuring means)
for measuring a parameter indicating an attitude of the
suspension which 1s correlated with the load; and a control-
ling device (means) for controlling conditions under which
heat energy 1s applied to the suspension, based on the
parameter measured by the position measuring instrument
(attitude measuring means).

The apparatus of the invention may further comprise a
load measuring instrument (means) for measuring the load.

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view 1llustrating the main part of
a load adjusting apparatus according to an embodiment of
the 1nvention.

FIG. 2 1s an explanatory view illustrating an overall
configuration of the load adjusting apparatus of the embodi-
ment of the invention.
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FIG. 3 1s a block diagram illustrating an example of a
conflguration of a controlling device 1n FIG. 2.

FIG. 4 1s a perspective view 1llustrating an example of a
suspension.

FIG. 5 1s a perspective view 1llustrating an example of a
head arm assembly.

FIG. 6 1s a perspective view 1llustrating an example of a
head stack assembly.

FIG. 7 1s a plan view 1llustrating a suspension 1n a state
of a head gimbal assembly.

FIG. 8 1s an explanatory view 1illustrating a load adjusting,
method according to an embodiment of the invention.

FIG. 9 1s an explanatory view 1illustrating a load adjusting,
method according to the embodiment of the invention.

FIG. 10 15 an explanatory view 1llustrating an example of
arrangement of spots to be 1rradiated with laser light in a
laser light 1rradiation region 1n FIG. 7.

FIG. 11 1s a plot showing a relationship between a pitch
angle of a load beam and a load under flying.

FIG. 12 1s a plot showing a relationship between the
number of spots 1n the load beam 1rradiated with laser light
and the load under flying.

FIG. 13 1s an explanatory view illustrating a method of
correcting a roll angle of the load beam 1n the embodiment
of the invention.

FIG. 14 1s a plot showing a relationship between the spots
irradiated with laser light and an amount of change in the roll
angle.

FIG. 15 1s a flow chart showing an example of the load
adjusting method according to the embodiment of the 1nven-
tion.

FIG. 16 1s a flow chart showing another example of the
load adjusting method according to the embodiment of the
invention.

FIG. 17 1s a plot showing a relationship between a change
in the pitch angle of the load beam and the laser light
intensity within such a range as will cause a relief of stress.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

An embodiment of the invention will now be described 1n
detail with reference to the accompanying drawings.

An example of a configuration of a suspension to which
a load adjusting method and a load adjusting apparatus of an
embodiment of the invention 1s applied will now be
described with reference to FIG. 4. FIG. 4 1illustrates an
example of a head gimbal assembly formed by attaching a
slider for a flying-type magnetic head and wiring to a
suspension.

A suspension 10 shown in FIG. 4 comprises: a plate-
spring-shaped load beam 11 made of stainless steel, for
example; a flexure 12 to which a slider 20 for a flying-type
magnetic head 1s joined, the flexure 12 being provided at an
end of the load beam 11 and giving an appropriate degree of
freedom to the slider 20; and a base plate 13 provided on the
other end of the load beam 11 and serving as an attachment
to be attached to an actuator that moves the shider 20 across
the track of the recording medium.

The load beam 11 has two surfaces that face toward
opposite directions. In the following description, of the two
surfaces of the load beam 11, one on which the slider 20 1s
placed 1s referred to as the front face while the other one as
the rear face.

The load beam 11 has a hole 11a formed 1n a region
adjacent to the base plate 13, and bent sections 11L and 11R
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on both sides of the hole 11a. The symbol 11L refers to the
bent section on the left and the symbol 11R refers to the bent
section on the right as they are viewed in the direction from
the base-plate-13 side to the flexure-12 side. The bent
sections 111 and 11R are bent such that the load beam 11
applies a load to the slider 20 1n the direction toward the
surface of the recording medium.

A gimbal section that maintains the attitude of the slider

20 1s provided 1n the portion of the flexure 12 on which the
slider 20 1s mounted.

In addition to the suspension 10 having the foregoing,
components, the head gimbal assembly 1 shown 1n FIG. 4
also comprises: the slider 20 mounted on the gimbal section
of the flexure 12; a wiring 21 provided along the length of
the suspension 10 and joined to the suspension 10; and an

intermediate terminal component 22 joined to the load beam
11 at a side of the base plate 13.

The shider 20 has a rail whose surface functions as a
medium facing surface (an air bearing surface) and a tapered
section or a step near the end on the air inflow side. When
the recording medium 1s rotating, an airflow comes 1n from
the tapered section or the step and passes between the
recording medium and the slider 20. A lift 1s thus created and
exerted on the slider. The slider 20 tlies over the surface of
the recording medium by means of the lift. The shider 20 also
has a thin-film magnetic head element formed near the end
of the air outtlow side.

One end of the wiring 21 1s connected to the thin-film
magnetic head element 1n the slider 20; the other end of the
wiring 21 1s connected to the intermediate terminal compo-
nent 22.

The head gimbal assembly 1 shown 1n FIG. 4 1s attached
to an arm of an actuator. An assembled body constituted by
an arm and the head gimbal assembly 1 attached to the arm
1s called a head arm assembly. An assembled body consti-
tuted by a carriage with a plurality of arms and a plurality of
head gimbal assemblies 1 each attached to the arms 1s called
a head stack assembly.

FIG. 5 illustrates an example of a head arm assembly. The
head arm assembly 2 has an arm 31. The head gimbal
assembly 1 1s attached to an end of the arm 31. A co1l 32 that
1s part of a voice coil motor of the actuator 1s attached to the
other end of the arm 31. A bearing 33 1s provided 1n the
middle of the arm 31. The bearing 33 1s attached to a shaft
that rotatably supports the arm 31.

FIG. 6 1llustrates an example of a head stack assembly.
The head stack assembly 3 incorporates a carriage 34. The
carriage 34 has a bearing 35 attached to a shaft that rotatably
supports the carriage 34, and a plurality of arms 36 attached
to the bearing 35 and arranged 1n parallel with one another.
In the example shown 1n FIG. 6, there are three arms 36. One
head gimbal assembly 1 1s attached to the tip of each of the
arms 36 at the top and bottom stages, while two head gimbal
assemblies 1 are attached to the tip of the arm 36 at the
middle stage. A coil 37 that 1s part of the voice coil motor
of the actuator i1s attached to the bearing 35 on a side
opposite to the arms 36. The head stack assembly 3 further
incorporates a flat cable 38 one end of which 1s connected to
the mtermediate terminal component 22 of the head gimbal
assembly 1, and a circuit board 39 connected to the other end

of the flat cable 38.

A configuration of the load adjusting apparatus according
to the embodiment will now be described with reference to
FIG. 1 and FIG. 2. FIG. 1 1s a perspective view 1llustrating
the main part of the load adjusting apparatus. FIG. 2 1s an
explanatory view illustrating an overall configuration of the
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load adjusting apparatus. The load adjusting apparatus
adjusts a load that the suspension 10 applies to the slider 20
under conditions equivalent to those where the shider 20 1s
flying or, in other words, a load under flying in the present
application. The load adjusting apparatus of the embodiment
also performs a process of adjusting the load under flying on
the suspension 10 in the state of the head gimbal assembly

1

The load adjusting apparatus has a holder 40 for holding,
the suspension 10 with no external force to bend the sus-
pension 10 applied to the suspension 10. The holder 40 holds
the suspension 10 by pinching the base plate 13 of the
suspension 10. As held by the holder 40, the suspension 10
1s disposed such that the front face of the load beam 11 faces
upward and the rear face of the load beam 11 faces down-
ward. The holder 40 corresponds to the holding means of the
invention.

The load adjusting apparatus further incorporates a laser
light 1rradiating device 41 for applying heat energy to the
suspension 10 by irradiating the suspension 10 with laser
light, so as to increase or decrease the load under flying. The

laser light irradiating device 41 has: a laser irradiating
section 42 A that faces the front face of the load beam 11 and

irradiates the front face with laser light; a laser 1rradiating
section 42B that faces the rear face of the load beam 11 and

irradiates the rear face with laser light; and a driving device
43 that moves each of the laser irradiating sections 42A and
42B independently in the vertical and horizontal directions
in FIG. 2 and 1n the direction orthogonal to the surface of the

drawing sheet of FIG. 2. The laser light irradiating device 41
further has: a laser light source 44 to emit laser light; light
cuides 45A and 45B, such as opfical fibers, for guiding the
laser light emitted from the laser light source 44 to the laser
irradiating sections 42A and 42B; and a light switch 46 for
supplying the laser light emitted from the laser light source
44 to one of the light guides 45A and 45B. For example, a
YAG laser 1s used as the laser light source 44. The laser
irradiating sections 42A and 42B each include an opftical
system for collecting the laser light such that the light
converges to a mimimum diameter near the load beam 11.
The laser light 1rradiating device 41 corresponds to the heat
energy applying means or the heat energy applying device of
the 1nvention.

The load adjusting apparatus further incorporates a gas
injecting device 47 as gas 1njecting means for spraying gas
for preventing oxidization of the suspension 10 resulting
from the laser light irradiation onto a spot to be 1rradiated
with the laser light on the suspension 10. The gas 1njecting
device 47 has: a gas 1njecting nozzle 48 from which nitrogen
cgas for preventing oxidization of the suspension 10 1is
injected onto the spot to be irradiated with the laser light on
the suspension 10; a gas supply pipe 49 an end of which 1s
connected to the gas 1njecting nozzle 48; and a gas supply
source 30, connected to the other end of the gas supply pipe
49, for supplying the nitrogen gas to the gas mjecting nozzle
48 via the gas supply pipe 49.

The load adjusting apparatus further incorporates: a posi-
tion measuring instrument 51 for measuring the position of
a specific spot on the load beam 11 1n the vertical direction,
the position serving as a parameter indicating an attitude of
the suspension 10 which 1s correlated with the load under
flying supplied by the suspension 10; and a driving device 52
for moving the position measuring instrument 31 at least in
the direction orthogonal to the surface of the drawing sheet
of FIG. 2. For example, an optical height sensor may be used
as the position measuring instrument 51. The position mea-
suring instrument 51 corresponds to the attitude measuring
means of the mvention.




US 6,711,929 B2

7

Based on 1information on the position of the load beam 11
measured by the position measuring instrument 351, 1t 1s
possible to determine the angle formed by the length of a
part of the load beam 11, the part located on the side of the
slider 20 relative to the bent sections 111 and 11R, with
respect to the horizontal plane (the angle is hereinafter called
a pitch angle), by calculation. Moreover, by measuring
positions of a plurality of spots on the load beam 11 while
moving the position measuring nstrument 51 1n the direc-
tfion orthogonal to the surface of the drawing sheet using the
driving device 52, 1t 1s possible to determine the angle that
the direction parallel to the surface of the load beam 11 and
orthogonal to the length of the load beam 11 forms with
respect to the horizontal plane (the angle is hereinafter called
a roll angle) by calculation. The pitch angle and the roll
angle also serve as parameters indicating an attitude of the
suspension 10.

The load adjusting apparatus further incorporates a load
measuring instrument 33 for measuring the load under flying
supplied by the suspension 10, and a driving device 54 for
moving the load measuring instrument 33 in the vertical
direction. For example, a load cell may be used as the load
measuring 1nstrument 533. When measuring the position of
the load beam 11 or when irradiating the load beam 11 with
laser light, the load measuring istrument 53 1s placed above
the slider 20 without contacting the slider 20. On the other
hand, when measuring the load under flying supplied by the
suspension 10, the load measuring instrument 53 1s moved
down by the driving device 54 to a position where the
instrument 53 comes 1nto contact with the slider 20 to push
the slider down, so as to make the state of the slider 20
cquivalent to a state where 1t 1s flying. Then, 1n this state, the
load measuring nstrument 353 measures the load under
flying supplied by the suspension 10.

The load adjusting apparatus further incorporates a con-
trolling device 55 for controlling the driving device 43, the
laser light source 44, the light switch 46, the gas supply
source 50, the position measuring instrument 51, the driving
device 52, the load measuring instrument 33 and the driving
device 54, and for receiving measurement data of each of the
position measuring 1nstrument 31 and the load measuring,
instrument 33. The controlling device 55 1s made up of a
computer, for example. The controlling device 55 controls
the conditions under which the suspension 10 is irradiated
with laser light, based on the measurement data of the
position measuring instrument 51. The controlling device 55
corresponds to the controlling means of the invention.

FIG. 3 1s a block diagram of an example of the controlling,
device 55. The controlling device 55 1n this example com-
prises: a main controller 61; a storage 62 connected to the
main controller 61; an mput/output controller 63 connected
to the main controller 61; an input device 64; a display 65;
and an output device 66. The input device 64, the display 65
and the output device 66 are connected to the input/output
controller 63. The main controller 61 incorporates a central
processing unit (CPU), a read only memory (ROM) and a
random access memory (RAM). The storage 62 may be of
any form as long as it 1s capable of retaining information,
such as a hard disk device, an optical disk device, or a floppy
disk device. The storage 62 allows information to be
recorded on a recording medium 67 and to be reproduced
from the recording medium 67. The recording medium 67
may be of any form as long as it 1s capable of retaining
information, such as a hard disk platter, an optical disk, or
a tloppy disk.

The CPU 1n the main controller 61 implements the
function as the controlling device 55 by executing programs
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stored on the medmum 67 or in the ROM 1 the main
controller 61, using the RAM 1n the main controller 61 as a
work area.

A load adjusting method according to the embodiment
using the apparatus as above will now be described. In the
method, a process of adjusting the load under flying is
performed on the suspension 10 in the state of the head
oimbal assembly 1.

FIG. 7 1s a plan view 1illustrating the suspension 10 1n the
state of the head gimbal assembly 1. However, 1llustrations
of the wiring 21 and the intermediate terminal component 22
are omitted 1in FIG. 7. In the present embodiment, as shown
in FIG. 7, the bent sections 111 and 11R of the load beam
11 bhave laser light irradiation regions 11LLa and 11Ra,
respectively, which are regions to receive irradiation with
laser light for adjustment of the load under flying. In the
present embodiment, either the front face or the rear face of

the load beam 11 1s selectively irradiated with laser light in
the regions 11L.a and 11Ra.

To increase the load under flying, as shown in FIG. 8, the
front face of the load beam 11 1s irradiated with laser light
in the regions 11La and 11Ra. In FIG. 8, the arrow indicated
with numeral 71 represents a spot to be 1rradiated with the
laser light and the direction of the irradiation, whereas the
arrow 1ndicated with numeral 72 represents a spot on which
light for measurement 1s incident from the position measur-
ing instrument 51, and the direction of mncidence of the light.

In the present embodiment, the laser light has an intensity
orecat enough to generate a local plastic deformation of the
load beam 11. In this case, a local thermal stress 1s generated
in the portion of the load beam 11 that has been 1rradiated
with the laser light. When the thermal stress exceeds the
yield point of the material of the load beam 11, a contracting
plastic deformation occurs in the portion 1rradiated with the
laser light.

When the front face of the load beam 11 has been
irradiated with the laser light, a contracting plastic defor-
mation occurs near the front face. Therefore, part of the load
beam 11 on the side of the slider 20 1s displaced in the
direction indicated with numeral 73, to increase the pitch
angle and to thereby increase the load under flying supplied
by the suspension 10.

In contrast, to decrease the load under flying, the rear face
of the load beam 11 1s irradiated with laser light 1n the
regions 11La and 11Ra, as shown 1n FIG. 9. In FIG. 9, the
arrow 1ndicated with the numeral 71 represents a spot to be
irradiated with the laser light and the direction of the
irradiation, whereas the arrow indicated with numeral 72
represents a spot on which light for measurement 1s incident
from the position measuring mnstrument 51, and the direction
of incidence of the light. When the rear face of the load beam
11 has been 1rradiated with the laser light, a contracting
plastic deformation occurs near the rear face. Therefore, the
part of the load beam 11 on the side of the shider 20 1s
displaced 1n the direction indicated with numeral 73, to
decrease the pitch angle and to thereby decrease the load
under flying supplied by the suspension 10.

It should be noted, as shown 1n FIG. 11, that there 1s a
correlation between the pitch angle and the load under
flying. FIG. 11 1illustrates the results of an experiment
performed to study the relationship between the pitch angle
and the load under flying. In the experiment, the laser light
was projected on either the front face or the rear face of the
load beam 11 in the above-described manner to thereby
change the pitch angle, and the load under flying obtained at
cach of the different pitch angles was measured. FIG. 11
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shows that there 1s a strong correlation between the pitch
angle and the load under flying. Therefore, it would be
uselul to prepare data on the correlation between the pitch
angle and the load under flying (hereinafter called the pitch
angle/load correlation data) in a format such as an equation
or a table 1n advance. Then, 1t 1s possible to know the load
under flying from the pitch angle/load correlation data and
the pitch angle determined by measurement. From the pitch
angle/load correlation data and the pitch angle determined
by measurement, it 1s also possible to determine an amount
of correction of the pitch angle required for attaining a
desired value of the load under flying. In the present
embodiment, the amount of correction of the pitch angle
required 1s determined from the pitch angle/load correlation
data and the pitch angle determined by measurement, and
then the conditions for the laser light irradiation 1s controlled
based on the amount of correction of the pitch angle thus
determined.

An amount of change in the pitch angle and that in the
load under flying resulting from the laser light 1rradiation
can be changed by changing the conditions for the laser light
irradiation. The conditions for the laser light irradiation
include intensity of the laser light, diameter of the laser light
on the load beam 11, irradiation duration, position of a spot
to be irradiated, the number of the spots and the mterval
between the spots. Here, as an example, the 1rradiation 1s
performed on the load beam 11 once, or several times by
changing the spots to be irradiated, with fixed intensity and
diameter of the laser light, and fixed irradiation duration at
a time. Then the amount of change 1n the pitch angle and that
in the load under flying are controlled through controlling
the number of the spots to be 1rradiated.

FIG. 10 1llustrates an example of arrangement of spots 75
to be 1rradiated with laser light 1n the irradiation region
11Ra. The laser light 1s projected onto those spots 75. The
same applies to the wrradiation region 11La.

FIG. 12 shows the results of an experiment performed to
study the relationship between the number of spots 1rradi-
ated with laser light and the load under flying. In FIG. 12,
dots 1n the area 1 which the values of the load under flying
are positive represent the results of the laser irradiation on
the front face of the load beam 11, while dots 1n the area 1n
which the values of the load under flying are negative
represent the results of the laser irradiation on the rear face
of the load beam 11. FIG. 12 shows that there 1s a correlation
between the number of spots 1rradiated and the amount of
change 1n the load under flying. It means that the amount of
change 1n the load under flying and the amount of change 1n
the pitch angle corresponding thereto can be controlled by
controlling the number of spots to be irradiated.

According to the embodiment, it 1s also possible to correct
the roll angle by making the conditions for the laser light
irradiation on the load beam 11 different between the irra-
diation regions 11La and 11Ra. An experiment was per-
formed to confirm that the roll angle 1s correctable 1n the
above-mentioned manner, and the results are now described.
In the experiment, as shown 1n FIG. 13, spots 1L to SL and
1R to SR to be 1rradiated with the laser light were set 1n the
irradiation regions 11La and 11Ra respectively. Then, a fixed
intensity of laser light was projected onto those spots 1n a
single load beam 11 1n the order of 1L, 1R, 2L, 2R, ..., SL
and 53R, and, the 1nitial roll angle and a roll angle after the
laser light irradiation on each of the spots were measured to
calculate the amount of change 1n the roll angle due to the
laser 1rradiation on each of the spots. In the measurement,
the roll angle was expressed in positive values when the
left-hand side of the load beam 11 was higher than its
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richt-hand side, while expressed 1n negative values 1n the
reverse situation.

In the experiment, the laser irradiation and measurement
of the roll angles were performed for nine load beams 11, to
determine the average value of amounts of changes in the
roll angles resulting from the laser irradiation on the above-
mentioned spots. The results are shown 1n FIG. 14. From this
diagram, 1t 1s shown that the roll angle can be increased or
decreased through laser light irradiation on either the region
11La or 11Ra. The results shown here are those obtained
when the regions 11L.a and 11Ra were alternately irradiated
with the laser light, as an example. However, the roll angle
1s actually correctable by making the conditions for the laser
irradiation different between the regions 11La and 11Ra,
such as intensity of the laser light, diameter of the laser light,
irradiation duration, position of a spot to be irradiated, the
number of the spots to be wrradiated, interval between the
spots and the order of 1rradiation on the spots.

To correct only the pitch angle (load under flying) when
the 1nitial roll angle 1s within a specified range, 1t 1s adequate
to 1rradiate the regions 11La and 11Ra with the laser light

under the same conditions.

To correct both the pitch angle (load under flying) and the
roll angle when the 1nitial roll angle 1s not within a specified
range, the regions 11L.a and 11Ra may be irradiated under
different conditions so that the pitch angle and the roll angle
fall within a specified range.

Reference 1s now made to the flow chart of FIG. 15 to
describe an example of the embodiment of the load adjusting
method of the mmvention. In the example shown 1n FIG. 185,
the suspension 10 is first attached to the holder 40 (step
S101). Then, an initial load under flying supplied by the
suspension 10 1s measured using the load measuring 1nstru-
ment 53 (step S102). Next, the controlling device 55 deter-
mines whether the load under flying 1s within a specified
range (step S103).

[f the load under flying is not within a specified range (N),
the controlling device 55 determines whether the load under
flying 1s greater than the value within the specified range
(step S104). If the load under flying is not greater than the
value within the specified range (N), in other words, if it 1s
smaller than the value within the specified range, then the
pitch angle of the load beam 11 is measured (step S105). At
that time, 1t 1s preferable to measure the roll angle of the load
beam 11, too. For measuring the pitch angle and the roll
angle, the position of the load beam 11 1s measured by the
position measuring instrument 51, and based on the infor-
mation on the position, the controlling device 55 determines
the pitch angle and the roll angle by calculation. Then, the
controlling device 55 determines, from the pitch angle/load
correlation data and the pitch angle, an amount of correction
of the pitch angle to increase the angle, to thereby determine
conditions for the laser 1rradiation, such as 1irradiation
amount, corresponding to the amount of the correction (step
S106). If the roll angle of the load beam 11 has been
measured 1n step S105, the conditions for the laser light
irradiation are determined such that the roll angle falls
within a speciiied range. Then, under the conditions thus
determined, in the regions 11LLa and 11Ra the front face of
the load beam 11 1s 1rradiated with laser light using the laser
light irradiating device 41 to correct the pitch angle of the
load beam 11 (step S107). If the roll angle of the load beam
11 has been measured 1n step S105, the correction of the
pitch angle 1n step S107 1s performed such that the roll angle
falls within the specified range. When 1rradiating the load
beam 11 with laser light, the gas mjecting device 47 sprays
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nitrogen gas on the spots on the load beam 11 that are to
receive the irradiation.

If the load under flying 1s greater than the value within the
specified range (Y) in step S104, then the pitch angle of the
load beam is measured (step S108). At that time, it is
preferable to measure the roll angle of the load beam 11, too.
Then, the controlling device 55 determines, from the pitch
angle/load correlation data and the pitch angle, an amount of
correction of the pitch angle to decrease the angle, to thereby
determine conditions for the laser irradiation, such as irra-
diation amount, corresponding to the amount of the correc-
tion (step S109). If the roll angle of the load beam 11 has
been measured m step S108, the conditions for the laser
irradiation are determined such that the roll angle falls
within a specified range. Then, under the conditions thus
determined, 1n the regions 111L.a and 11Ra the rear face of the
load beam 11 1s irradiated with laser light using the laser
light 1rradiating device 41 to correct the pitch angle of the
load beam 11 (step S110). If the roll angle of the load beam
11 has been measured 1n step S108, the correction of the
pitch angle 1n step S110 1s performed such that the roll angle
falls within the specified range. When 1rradiating the load
beam 11 with laser light, the gas 1njecting device 47 sprays
nitrogen gas on the spots on the load beam 11 that are to
receive the irradiation.

After correction of the pitch angle 1n step S107 or 1n step
S110, the load measuring instrument 33 measures the load
under flying supplied by the suspension 10 (step S111).
Then, the process returns to step 103 to determine whether
the load under flying 1s within the specified range.

If the load under flying is within the specified range (Y)
in step S103, the suspension 10 1s detached from the holder
40 (step S112) to terminate the process of load adjustment.

In the example shown 1n FIG. 15, before and after the step
of 1rradiating the load beam 11 with laser light using the
laser 1rradiating device 41 to thereby apply heat energy
(steps S107 and S110), the load under flying supplied by the
suspension 10 1s measured to determine whether it falls
within a specified range. According to the example of the
embodiment, it 1s therefore possible to adjust the load under
flying such that it falls within the specified range without
fail. If 1t 1s known that the initial load under flying 1s nearly
the same for a plurality of suspensions 10 forming one
group, measurements of the initial load under flying and the
initial pitch angle may be performed for some of the
plurality of suspensions 10 in the group to thereby determine
the conditions for laser irradiation based on the results
thereof. Then, the conditions for irradiation thus determined
may be utilized for correction of the load under flying for all
of the suspensions 10 1n the group.

As shown 1n FIG. 11, there 1s a correlation between the
pitch angle of the load beam 11 and the load under flying.
Therefore, whether the load under flying falls within a
specified range can also be determined by measuring the
pitch angle of the load beam 11, without measuring the load
under flying. An example of the load adjusting method in
which adjustment 1s performed 1n this way 1s now described
with reference to the flow chart in FIG. 16.

In the example shown 1n FIG. 16, the suspension 10 1s first
attached to the holder 40 (step S121). Then, the pitch angle

of the load beam 11 is measured (step S122). At that time,
it 1s preferable to measure the roll angle of the load beam 11,
too. Then, the controlling device 535 determines whether the
pitch angle is within a specified range (step S123).

If the pitch angle is not within the specified range (IN), the
controlling device 55 determines whether the pitch angle 1s
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greater than the value within the specified range (step S124).
If the pitch angle i1s not greater than the value within the
specified range (IN), in other words, if it is smaller than the
value within the specified range, the controlling device 55
determines, from the pitch angle/load correlation data and
the pitch angle, an amount of correction of the pitch angle
to 1ncrease the angle, to thereby determine conditions for the
laser 1rradiation, such as irradiation amount, corresponding
to the amount of the correction (step S125). If the roll angle
of the load beam 11 has been measured 1n step S122, the
conditions for the laser irradiation are determined such that
the roll angle falls within a specified range. Then, under the
conditions thus determined, in the regions 11L.a and 11Ra
the front face of the load beam 11 1s mrradiated with laser
light using the laser light irradiating device 41 to correct the
pitch angle of the load beam 11 (step S126). If the roll angle
of the load beam 11 has been measured 1n step S122, the
correction of the pitch angle 1n step S126 1s performed such
that the roll angle falls within the specified range. When
irradiating the load beam 11 with laser light, the gas inject-
ing device 47 sprays nitrogen gas on the spots on the load
beam 11 that are to receive the irradiation.

If the pitch angle 1s greater than the value within the
specified range (Y) in step S124, the controlling device 55
determines, from the pitch angle/load correlation data and
the pitch angle, an amount of correction of the pitch angle
to decrease the angle, to thereby determine conditions for the
laser 1rradiation, such as irradiation amount, corresponding
to the amount of the correction (step S127). If the roll angle
of the load beam 11 has been measured 1n step S122, the
conditions for the laser irradiation are determined such that
the roll angle falls within a specified range. Then, under the
conditions thus determined, in the regions 11L.a and 11Ra
the rear face of the load beam 11 1s irradiated with laser light
using the laser light 1rradiating device 41 to correct the pitch
angle of the load beam 11 (step S128). If the roll angle of the
load beam 11 has been measured 1n step S122, the correction
of the pitch angle 1n step S128 1s performed such that the roll
angle falls within the specified range. When irradiating the
load beam 11 with laser light, the gas injecting device 47
sprays nitrogen gas on the spots on the load beam 11 that are
to receive the 1rradiation.

After correction of the pitch angle 1n step S126 or 1n step
S128, the pitch angle of the load beam 11 1s measured (step
S129). Then, the process returns to step 123 to determine
whether the pitch angle 1s within the specified range.

If the pitch angle 1s within the specified range (Y) in step
S123, the suspension 10 is detached from the holder 40 (step
S130) to terminate the process of load adjustment.

According to the example shown 1n FIG. 16, it 1s not
necessary to measure the load under flying supplied by the
suspension 10, and 1t 1s therefore possible to simplily the
process of load adjustment.

In the foregoing, the process of load adjustment has been
described 1n which adjustment of the load under flying is
performed on the suspension 10 1 the state of the head
oimbal assembly 1. However, the load adjusting method and
apparatus according to the embodiment may be used for the
suspension(s) 10 in any of the following state: a suspension
10 as 1t 1s alone; 1n the state of the head arm assembly 2; and
in the state of the head stack assembly 3. For a suspension
10 as it 1s alone or 1n state of the head arm assembly 2, the
load under flying can be adjusted 1n the same way as the case
where the suspension 10 is 1n the state of the head gimbal
assembly 1. For the head stack assembly 3, in which a
plurality of suspensions 10 are stacked, it 1s difficult to
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project the laser light 1n the vertical direction onto the front
and rear faces of each of the suspensions 10. In this case,
correction of the load under flying 1s achieved by projecting
the laser light 1n a slanting direction. Measurement of the
position of the load beam 11 may be performed from the side
of the head stack assembly 3, for example.

As described above, according to the embodiment, heat
energy 1s applied to the suspension 10 while no external
force to bend the suspension 10 i1s applied. This makes 1t
casy to increase or decrease the load under flying supplied
by the suspension 10 for adjustment. It 1s thereby possible to
attain a stable and accurate flying height of the slider 20 as
designed, which can 1improve manufacturing yield of appa-
ratuses 1ncluding flying-type magnetic heads and can
respond to a trend toward more strict specifications.

According to the embodiment, the load under flying
supplied by the suspension 10 can be adjusted to an any
value within the adjustable range. This can readily respond
to the need for setting the load under flying to various values
in the process of developing new products, and thereby can
reduce the time required for development of new products.

According to the embodiment, heat energy 1s applied to
the suspension 10 by irradiation with laser light. Therefore,
it 1s possible to locally apply the heat energy to the suspen-
sion 10, and as a result, 1t 1s possible to adjust the load under
flying with high precision.

According to the embodiment, nitrogen gas for preventing
oxidization resulting from the laser light irradiation 1is
sprayed on the spots to be 1rradiated with laser light on the
suspension 10. Discoloration of the suspension 10 following
oxidization 1s thereby prevented.

According to the embodiment, one of the two surfaces of
the load beam 11 1s selectively wrradiated with laser light to
adjust the load under flying. This makes it easier to 1ncrease
and decrease the load under flying for adjustment.

According to the embodiment, a pitch angle of the load
beam 11, which serves as a parameter indicating an attitude
of the suspension 10 that 1s correlated with the load under
flying, 1s measured and, based on the pitch angle thus
measured, conditions for the laser irradiation on the suspen-
sion 10 are controlled. This eliminates the need for mea-
surement of the load under flying and therefore makes it easy
to adjust the load.

The load adjusting method and apparatus of the embodi-
ment are applicable for any of the suspension(s) 10 in a state
in which it 1s alone, a state of the head gimbal assembly 1,
a state of the head arm assembly 2, and in a state of the head
stack assembly 3. Therefore, the method and the apparatus
of the embodiment are also utilizable in the manufacturing
process of any of the above products.

In the embodiment described above, the load under flying
1s adjusted by causing a local plastic deformation on the load
beam 11 by irradiation with laser light. However, 1t 1s also
possible to apply to the load beam 11 such heat energy as
will relieve a stress 1n the load beam 11, and to thereby
decrease the load under flying. One of conceivable methods
for applying to the load beam 11 such heat energy as will
relieve the stress 1s wrradiating the load beam 11 with laser
light whose 1ntensity 1s smaller than such an 1ntensity as will
cause plastic deformation on the load beam 11. When using
this method, it 1s preferable to irradiate the load beam 11
broadly, rather than locally.

FIG. 17 shows the results of an experiment performed to
study the relationship between the intensity of laser light and
changes in the pitch angle of the load beam 11. The 1ntensity
of laser light 1s within such a range as will cause relief of
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stress 1n the load beam 11. In the experiment, ten load beams
11 were 1rradiated with laser light while changing the
intensity of the laser light within the above-described range,
to observe changes 1n the pitch angles before and after the
irradiation. In FIG. 17, while the laser light intensity may be
in any unit, the intensity increases as it approaches the right
end. Also mn FIG. 17, the value of zero in the laser light
intensity represents the state before the irradiation. From
FIG. 17, it 1s shown that the load under flying supplied by
the suspension 10 can be decreased by wrradiating the load
beam 11 with laser light having such an intensity as will
cause relief of stress 1n the load beam 11, and that an amount
of change 1n the load under flying becomes greater as the
intensity of the laser light increases. Thus, the amount of
change 1n the load under flying is controllable by controlling
the 1ntensity of the laser light. It 1s also possible to control
the amount of change 1n the load under flying by controlling
other conditions for the laser light irradiation, such as
duration of 1rradiation, instead of the intensity of laser light.

The present invention i1s not limited to the foregoing
embodiment but may be practiced 1n still other ways. For
example, 1n the present mnvention, load adjustment through
plastic deformation and that through relief of stress may be
employed 1n combination. To do so, one of the surfaces of
the load beam 1s 1rradiated with laser light while changing
conditions for the laser light irradiation, such as intensity of
the laser light. This makes 1t possible to both increase and
decrease the load under flying for adjustment.

The present invention may be applied not only to a
suspension that holds a slhider for a magnetic head but also
to a suspension that holds a slider for a different type of
head, such as an optical recording head or an magneto-
optical recording head.

As described 1 the foregoing, in the load adjusting
method or apparatus of the invention, heat energy 1s applied
to the suspension while no external force to bend the
suspension 1s applied to the suspension. Therefore, the
method or apparatus of the mvention makes 1t possible to
casily increase or decrease the load applied by the suspen-
sion for adjustment.

In the load adjusting method or apparatus of the invention,
application of heat energy to the suspension may be per-
formed through 1rradiating the suspension with laser light. In
this case, it 1s possible to locally apply heat energy to the
suspension, and as a result, 1t 1s possible to perform load
adjustment with high precision.

In the load adjusting method or apparatus of the invention,
ogas for preventing oxidization of the suspension resulting
from the laser light 1rradiation may be sprayed on a spot on
the suspension to be irradiated with the laser light. In this
case, 1t 1s possible to prevent discoloration of the suspension
resulting from oxidization.

In the load adjusting method or apparatus of the invention,
one of the two surfaces of the load beam maybe selectively
irradiated with laser light to thereby adjust the load. In this
case, 1t becomes easier to increase and decrease the load for
adjustment.

In the load adjusting method or apparatus of the invention,
a parameter indicating an attitude of the suspension which 1s
correlated with the load may be measured and, conditions
under which heat energy 1s applied to the suspension may be
controlled based on the measured parameter. In this case, 1t
1s possible to perform adjustment of the load easily, without
measuring the load.

Obviously many modifications and variations of the
present invention are possible in light of the above teach-
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ings. It 1s therefore to be understood that within the scope of
the appended claims the mvention may be practiced other-
wise than as specifically described.

What 1s claimed 1s:

1. A method for adjusting a load applied to a flying-type
head slider by a suspension that supports the slider, the load
being applied under conditions equivalent to those where the
slider 1s flying, the suspension including a load beam for
ogenerating the load, the load beam being shaped like a plate
spring and having two separate bent sections, the method
including the steps of:

holding the suspension while no external force to bend the
suspension 1s applied to the suspension; and

applying heat energy to at least one of the two bent
sections to 1ncrease the load and to correct a roll angle
of the suspension.

2. A method according to claim 1, wherein the at least one
of the bent sections 1s irradiated with laser light 1n the step
of applying heat energy.

3. A method according to claim 2, wherein gas for
preventing oxidization of the suspension resulting from the
irradiation with laser light 1s sprayed on a spot on the
suspension to be 1rradiated with the laser light.

4. A method according to claim 2, wherein the load beam
has two surfaces that face toward opposite directions, and,
one of the two surfaces of the load beam 1s selectively
irradiated with the laser light 1n the step of applying heat
energy.

5. A method according to claim 1, wherein:

the method further includes, before the step of applying
heat energy, a step of measuring a parameter indicating
an attitude of the suspension which 1s correlated with

the load; and

in the step of applying heat energy, conditions under
which heat energy 1s applied to the suspension are
controlled based on the measured parameter.

6. A method according to claim 1, further including a step
of measuring the load and determining whether the load 1s
within a specified range, before and after the step of apply-
ing heat energy.

7. A method according to claim 1, further comprising the
step of applying heat energy to at least one of the two bent
sections to decrease the load and to correct a roll angle of the
suspension.

8. An apparatus for adjusting a load applied to a flying-
type head slider by a suspension that supports the slider, the
load being applied under conditions equivalent to those
where the slider 1s flying, the suspension including a load
beam for generating the load, the load beam being shaped
like a plate spring and having two separate bent sections, the
apparatus comprising;

holding means for holding the suspension while no exter-
nal force to bend the suspension 1s applied to the
suspension; and

heat energy applying means for applying heat energy to at
least one of the two bent sections to increase the load
and to correct a roll angle of the suspension.

9. An apparatus according to claim 8, wherein the heat
energy applying means has a laser light irradiating device for
irradiating the at least one of the bent sections with laser
light.

10. An apparatus according to claim 9, further comprising
gas 1njecting means for spraying gas for preventing oxidiza-
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tion of the suspension resulting from the irradiation with
laser light on a spot on the suspension to be irradiated with
the laser light.

11. An apparatus according to claim 9, wherein the load
beam has two surfaces that face toward opposite directions,
and the laser light irradiating device 1rradiates one of the two
surfaces of the load beam selectively with the laser light.

12. An apparatus according to claim 8, further compris-
ing: attitude measuring means for measuring a parameter
indicating an attitude of the suspension which 1s correlated
with the load; and controlling means for controlling condi-
tions under which heat energy 1s applied to the suspension,
based on the parameter measured by the attitude measuring
means.

13. An apparatus according to claim 8, further comprising
load measuring means for measuring the load.

14. An apparatus according to claim 8, wherein the heat
energy applying means further comprises means for apply-
ing heat energy to at least one of the two bent sections to
decrease the load and to correct a roll angle of the suspen-
s101.

15. An apparatus for adjusting a load applied to a flying-
type head slider by a suspension that supports the slider, the
load being applied under conditions equivalent to those
where the slider 1s flying, the suspension including a load
beam for generating the load, the load beam being shaped
like a plate spring and having two separate bent sections, the
apparatus comprising:

a holder for holding the suspension while no external
force to bend the suspension i1s applied to the suspen-
sion; and

a heat energy applying device for applying heat energy to
at least one of the two bent sections to increase the load
and to correct a roll angle of the suspension.

16. An apparatus according to claam 15, wherein the heat

energy applying device has a laser light irradiating device

for irradiating the at least one of the bent sections with laser
light.

17. An apparatus according to claim 16, further compris-
ing a gas 1njecting device for spraying gas for preventing
oxidization of the suspension resulting from the 1rradiation
with laser light on a spot on the suspension to be irradiated
with the laser light.

18. An apparatus according to claim 16, wherein the load
beam has two surfaces that face toward opposite directions,
and the laser light irradiating device irradiates one of the two
surfaces of the load beam selectively with the laser light.

19. An apparatus according to claim 15, further compris-
Ing: a position measuring instrument for measuring a param-
cter indicating an attitude of the suspension which 1s corre-
lated with the load; and a controlling device for controlling
conditions under which heat energy 1s applied to the
suspension, based on the parameter measured by the posi-
flon measuring instrument.

20. An apparatus according to claim 15, further compris-
ing a load measuring 1nstrument for measuring the load.

21. An apparatus according to claim 15, wherein the heat
energy applying device applies heat energy to at least one of
the two bent sections to decrease the load and to correct a
roll angle of the suspension.
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